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SECTION I 


GENERAL DESCRIPTION 


1.1 INTRODUCTION 

This manual contains four sections which describe the NS11E 
Add-in Memory System. This information will include a 
general description, an installation and maintenence section 
theory of operation, and a section containing assembly 
drawings, schematics, and bill of materials. Figure 1-1 is 
a photograph of the NSllE Add-In Memory System. 

1.2 PURPOSE 

The NSllE, P/N-980103839, is designed for use with DEC * PDP 
11 CPU's. The NSllE is directly compatible with any DEC 
UNIBUS/Modified UNIBUS type backplane. 

* DEC,UNIBUS, Modified UNIBUS, and PDPll are registered 
trade marks of Digital Equipment Corp., Maynard Mass. 


1.3 PHYSICAL DESCRIPTION 

The NSllE memory is contained on one multilayer printed 
circuit card. See Table 1-1 for the physical dimensions of 


the NSllE. 




FIGURE 1-1 
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Table 1-1 NSllE Dimensions 


Thickness 

.480 

inches 

Height 

8.680 

inches 

Length 

15.687 

inches 

NSllE memory is designed 

to mount 

on a minimum center-to- 


center board spacing of 0.50". Two card ejectors permit easy 
removal of the card. 

Figure 1-2 is a connector locator diagram. 









1.3.1 I/O Connectors 

The NSllE Memory is designed to fit mechanically into the 
following PDP-11 backplanes: 

1. DDll-DK slots 2-8 

2. DDll-PK slots 3-8 

3. DDll-CK slots 2-3 

For installation in backplanes not listed above, the subject 
backplane connector pin assignments must be compatible with 
the NSllE pin assignments as listed in Table 3- 1. 

I* 4 FUNCTIONAL DESCRIPTION 

The NSllE is 64K x 16* bit Add-In Memory for the DEC PDP-11 
family of minicomputers. The NSllE board requires +5V only 
and generates the +12V and -5V with an on board DC to DC 
converter. The board is designed with byte ECC for maximum 
reliability and speed. Additionally, the board contains an 
on-board CSR register, eliminating the need for a DEC M-7850 
parity controller. The NSllE is completely hardware and 
software compatible with all DEC systems as described in 
paragragh 1.2. 

*26 bits internal, 16 bits on the Bus. 

i . 5 GENERAL SPECIFICATIONS 

The following tables list the general specifications of the 
NSllE Add-In Memory. Table 1-2 lists the power requirements 
and Table 1-3 lists access and cycle times. 


1-4 





Table 1-2 NS11E Power Requirements 





- , 

Current-Amps 

Supply Voltage 

Operational 

Standby 

Battery Back-up 


TYP . 

MAX. 

TYP. 

MAX. 

TYP. MAX. 

+5V 

4.0 

4.0 

4.0 

4.0 

0 0 

+5V 

BB 

2.0 

3.5 

1.5 

1.5 

nsa 


Table 1-3 Access and Cycle Times 


READ 



Cycle Time 

450ns 

MIN 

Access Time 

400ns 

MAX 

PARITY (CSR OPTION) ACCESS 

100ns 

MAX 

Log Access 

100ns 

MAX 

WRITE 



Cycle Time 

450ns 

MIN 

Access Time (Add/Data 

Latch) 



100ns 

MAX 

REFRESH 



Cycle Time 

450ns 

MIN 


(Cycle requests made during a refresh will extend the cycle 
and access time an additional 450ns Max). 

NOTE 

1) Cycle time - The interval between memory reception of 
Bus MSYN L (at reciever input) and the availability 
of the memory to respond to the next Bus MSYN L. 


1-5 













2) Access Time - The interval between memory reception 
of Bus MSYN L and the assertion of Bus SSYN L. 

1.5.1 Operating Modes 

The operating mode of the memory is determined by the state 
of the CO and Cl control lines and the AO address line. These 
modes are defined in Table 1-4 shown below. 


Table 1-4 Operating Modes 


AO 

Cl 

CO 

COMMAND 

OPERATION 

X 

0 

0 

DAT I 

Read 

X 


1 

DATIP 

Read 

X 

1 

0 

DATO 

Write Word 

0 

1 

1 

DATOB 0 

Write Byte 0 

1 

n 

n 

DATOB 1 

Write Byte 1 


NOTE: Logic 1=0 volts (LOW) 

Logic 0=+ 3.4 volts (HIGH) 


1 .6 ENVIRONMENTAL SPECIFICATIONS 

The NS11E is designed to operate over a variety of environmental 
conditions. Listed below are the environmental conditions 
and specifications. 

1.6.1 Operating Specifications 

• TEMPERATURE.Ambient Air temperature range of 0°C 

to +50°C. 

• THERMAL SHOCK.The NSllE Memory can withstand a thermal 

shock with a maximum rate of change of 
30°C per hour during operation. 
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• HUMIDITY.The Memory has been designed to 

operate in a relative humidity of up 
to 95% (without condensation) . 

• ALTITUDE.This system is capable of operation at 

altitudes from -1,000 feet msl to 
+10,000 feet msl. 

• COOLING.Suggested minimum air flow for the 

NSllE Memory is 25 cfm. 

1.6.1 Shipping and Storage Specifications 


• TEMPERATURE.The NSllE Memory can withstand a 

temperature range of -40°C to +85°C 
during shipment or storage. 

• THERMAL SHOCK.A thermal rate of change as high as 

10°C per minute can be tolerated by 
the Memory. 

• ALTITUDE.A Shipping Altitude of 40,000 feet can 

be withstood. 


• MECHANICAL SHOCK....The NSllE Memory, housed in its shipping 

container, can tolerate mechanical shock 
resulting from drop tests performed in 
accordance with MIL-STD-810B, Method 
516, procedure V, without exhibiting 
damage or degradation. 

1.7 RELIABILITY 

This card was designed to the best commercial standards of 
workmanship. Vigorous testing is conducted (including tests 
over operating temperature range) to ensure a reliable service 
of ten years at 24-hours per day usage (exclusive of routine 
maintenance time). The design is such that catastrophic 
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failure occurrence is minimized and minimal propagation of 
such failure will be experienced. Calculated MTBF using A+ 
logic and MIL Handbook 217B (where applicable) is 113,000 
hours. 
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SECTION II 


INSTALLATION AND MAINTENANCE 


2.1 GENERAL 

The NSllE Memory is ready for installation upon receipt; how¬ 
ever, the memory size and address switches and the option 
jumper must be checked before the card is installed. Refer 
to paragraphs 2.4 thru 2.7. for switch and jumper information. 

The NSllE is completely compatible with DEC'S PDP 11-34 
computers and all standard DEC peripheral devices. It can be 
used in both parity and non-parity systems. 

For installation in backplanes not listed below, the subject 
backplane connector pin assignments must be compatible with 
the NSllE pin assignments listed in Table 3-1. 

The Memory is directly plug-compatible into the following 
DEC backplanes: 

• DDll-DK (slots 2-8) 

• DD11-PK (slots 3-8) 

• DDll-CK (slots 2-3) 
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Table 2-3 


SWITCH DESIGNATIONS AND LED INDICATORS 

SWITCH 1 



1 




2 




3 



o 

4 




5 




6 




7 




8 




9 


_ 


10_ 



SWITCH 

2 



1 




2 




3 



o 

4 



TJ 

M 

a 

5 



6 


_ 

7 




8 




9 




_JLQ_ 



SWITCH 

3 



1 




2 




3 



O 

4 



W 

2! 

5 



6 




7 




8 




9 


__ 


-ID_ 




1-4, Memory size 

See page 2-12 Table 2-7 


5-8 CSR Address assignment 
“ See page 2-8 Table 2-4 

_9 Special Bus operation, see 
J.0 ECC disable, see page 2-1; 


1-6 Error log I/O assignment 
See page 2-9 Table 2-5 

_7 Error Log access disable. See page 2-9 

_8,9 I/O space selection, see page 2-11, Table 2-6 

j_10 Spare 


1-9, starting address select. 
See pages 2-5 and 2-6 
Tables 2-1 and 2-2 


i_10 CSR/Parity disable. See page 2-8 


NOTE: (a) Red LED is for parity error. (CSR bit 15 set) 


(b) Yellow LED is lighted for convertor failure and 
DC LO is asserted. 


2-2 





CAUTION 


Do not attempt to install the NSllE Memory board into DEC 
backplanes listed below or damage to the equipment could 
result: 

• MFll-U 

• MFll-W 


Maintenance of the NSllE is minimal, enhanced by the use of 
fixed timing sequences. Refer to paragraph 2. for maintenance 
information. 

2.2 SAFETY 

The following safety precautions should be observed during 
installation and maintenance: 

WARNING 

Proper concern for the safety of all personnel is vital when 
installing equipment. The following safety practices should 
always be observed, or injury could occur. 

2.2.1 Power 

1. Remove all power from the system before installation 

using the related facility and/or system circuit breakers. 
Remove the AC power plug from the AC receptacle. (This 
is particularly important when cards or components are 
to be removed). 
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2. Tag all system circuit breakers with WARNING tags to 
ensure that cirucit breakers will not be inadvertently 
turned on during installation. 

3. When it is necessary to work on a system where power is 
present, never work alone. Two people must always be 
present when work is being done within a system, or on an 
interconnecting cable whenever system power is applied. 

2.2.2 Fire 

1. Good housekeeping is a significant factor in fire and 
accident prevention. Keep benches and working areas 
clear of unnecessary articles. 

2. Ensure fire extinguishers of the CC >2 type (for electrical 
fires) are readily available. 

2.3 UNPACKING AND INSPECTION 

Follow the steps listed below to unpack and inspect the NSllE 

Memory board: 

1. Remove all packing materials. (Failure to do so could 
result in damage to the equipment and present a fire 
hazard); store the reusable packing materials for future 
use. 

2. Remove the Memory board from its container. 

3. Inspect the board for visual damage, checking for bent 
stiffener, damaged IC's,broken wires or connectors, 
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dislocated or broken switches or indicators, etc. Certain 
damage may not be detected until power has been applied 
and diagnostics performed. 

NOTE: Visually damaged or inoperative boards should be 

returned to: NATIONAL SEMICONDUCTOR 

2900 Semiconductor Drive 
Santa Clara, California 95051 

2 . 4 ADDRESS AND I/O SWITCH CONFIGURATIONS 

2.4.1 Address 

The NS11E Memory will accept a full 22 bit address with the 
least significant bit being used for Byte selection. The 
address lines to the memory are single rail; the addressing 
mode may be random. The address lines are identified as AO 
through A21. 

The NS11E may be used for expansion to 2M words using the 

22 bits of address. When this expansion is used, address 

I/O pin assignments are as follows: 

BUS A18-BE2 
BUS A19-BE1 
BUS A20-AP1 
BUS A21-AN1 

AO is used for Byte selection. Al through A21 are decoded for 
one of 2,097,152 address locations. 
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A13 through A21 are 'strappable' on the memory module. These 
address lines may be strapped to set the initial address for 
a memory module. Nine switch positions located at S3 are 
provided to set the initial address. Four positions are used 
for initial address selection in the 0-64K address range. 

The remaining five positions can be used for expansion to 2M 
word See Table 2-1 for 0-64K Select. See Table 2-2 for 
expansion to 2M word. Address selection is in 64K blocks to 
2M word. Addresses A17 thru A21 are switch settable via 
switches per Table 2-2. Address buffer for A18-A21 must be 
enabled by closing switch 1-9 (LO). For system expansion 
beyond 64K, Table 2-1 is used in conjunction with Table 2-2 
to ascertain required switch settings. 

Table 2-3. is a general guide to the address and I/O switch 
configurations, and lists the pages of this guide for switch 
selection. (See page 2-2) 
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Table 2-1 STARTING ADDRESS SELECT 


UNIBUS 

STARTING ADD 
(OCTAL) 

MEMORY 

STARTING 

ADDRESS 

S3-4 

SWITCH 3 

S3-3 S3-2 

S 3-1 

000000 

0K 

off 

off 

off 

off 

020000 

4K 

off 

off 

off 

on 

040000 

8K 

off 

off 

on 

off 

060000 

12K 

off 

off 

on 

on 

100000 

16K 

off 

on 

off 

off 

120000 

20K 

off 

on 

off 

on 

140000 

24K 

off 

on 

on 

off 

160000 

28K 

off 

on 

on 

on 

200000 

32K 

on 

off 

off 

off 

220000 

36K 

on 

off 

off 

on 

240000 

40K 

on 

off 

on 

off 

260000 

44K 

on 

off 

on 

on 

300000 

48K 

on 

on 

off 

off 

320000 

52K 

on 

on 

off 

on 

340000 

56K 

on 

on 

on 

off 

360000 

60K 

on 

on 

on 

on 


off = OPEN 
on = CLOSED 


Table 2-2 STARTING ADDRESS SELECT 


SPECIAL BUS 
STARTING ADDR 
(OCTAL) 

MEMORY 

STARTING 

ADDRESS 

ADD A21 

A20 

A19 

A18 

A17 

SW S3-9 

S 3-8 

S3-7 

S 3-6 

S3-5 

00400000 

64K 

off 

off 

off 

off 

on 

01000000 

128K 

off 

off 

off 

on 

off 

01400000 

192K 

off 

off 

off 

on 

on 

02000000 

2 56K 

off 

off 

on 

off 

off 

02400000 

320K 

off 

off 

on 

off 

on 

03000000 

384K 

off 

off 

on 

on 

off 

03400000 

448K 

off 

off 

on 

on 

on 

04000000 

512K 

off 

on 

off 

off 

off 

04400000 

576K 

off 

on 

off 

off 

on 

05000000 

640K 

off 

on 

off 

on 

off 

05400000 

704K 

off 

on 

off 

on 

on 

06000000 

768K 

off 

on 

on 

off 

off 

06400000 

832K 

off 

on 

on 

off 

on 

07000000 

896K 

off 

on 

on 

on 

off 

07400000 

960K 

off 

on 

on 

on 

on 

10000000 

1024K 

on 

off 

off 

off 

off 

10400000 

1088K 

on 

off 

off 

off 

on 

11000000 

1152K 

on 

off 

off 

on 

off 

11400000 

1216K 

on 

off 

off 

on 

on 

12000000 

1280K 

on 

off 

on 

off 

off 

12400000 

1344K 

on 

off 

on 

off 

on 

13000000 

1408K 

on 

off 

on 

on 

off 

13400000 

1472K 

on 

off 

on 

on 

on 

14000000 

1536K 

on 

on 

off 

off 

off 

14400000 

1600K 

on 

on 

off 

off 

on 

15000000 

1664K 

on 

on 

off 

on 

off 

15400000 

1728K 

on 

on 

off 

on 

on 

16000000 

1792K 

on 

on 

on 

off 

off 

16400000 

1856K 

on 

on 

on 

off 

on 

17000000 

1920K 

on 

on 

on 

on 

off 

17400000 

1984K 

on 

on 

on 

on 

on 


off = OPEN 


on = CLOSED 
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2.5 


CSR ADDRESS ASSIGNMENT 
The NSllE contains an on board CSR, which contains error 
information in the event of a parity (double bit) error. 
There are 16 possible CSR addresses as listed in Table 2-4. 
When a NSllE is used in conjunction with DEC parity memory 
and a DEC M7850 parity controller, or multiple NSllE's, the 
CSR addresses of the M7850 and NSllE's must not be the same. 
The CSR can be disabled by closing switch 3-10. 

Table 2-4 

CSR ADDRESS (SWITCH 1) 

SWITCH 1 CSR ADDRESS SELECTION 

UNIBUS SPECIAL BUS 
8765 ADDRESS ADDRESS 


0000 

772100 

17772100 

0001 

772102 

17772102 

0010 

772104 

17772104 

0011 

772106 

17772106 

0100 

772110 

17772110 

0101 

772112 

17772112 

0110 

772114 

17772114 

0111 

772116 

17772116 

1000 

772120 

17772120 

1001 

772122 

17772122 

1010 

772124 

17772124 

loll 

772126 

17772126 

1100 

772130 

17772130 

1101 

772132 

17772132 

1110 

772134 

17772134 

1111 

772136 

17772136 


l=OPEN 

0=CLOSED 
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NOTE: CSR address has no relevance to the memory 

starting address or storage capacity of the 
NSllE. 

2 * 6 LOG I/O SPACE ASSIGNMENT 

Since the error log is addressable via the bus there are 64 
address locations assigned in the user address boundary as 
listed in Table 2-5. Switch 2-7 when closed inhibits log 
Reads or Writes via the bus. 
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Table 2-5 


ERROR LOG ADDRESS ASSIGNMENT 


BUS ADDR 



S2-6 

S2-5 

S2-4 

S2-3 

S2-2 

S2-1 

(OCTAL) 

1 

0 

0 

0 

0 

0 

0 

764000 

2 

0 

0 

0 

0 

0 

1 

764002 

3 

0 

0 

0 

0 

1 

0 

764004 

4 

0 

0 

0 

0 

1 

1 

764006 

5 

0 

0 

0 

1 

0 

0 

764010 

6 

0 

0 

0 

1 

0 

1 

764012 

7 

0 

0 

0 

1 

1 

0 

764014 

8 

0 

0 

0 

1 

1 

1 

764016 

9 

0 

0 

1 

0 

0 

0 

764020 

10 

0 

0 

1 

0 

0 

1 

764022 

11 

0 

0 

1 

0 

1 

0 

764024 

12 

0 

0 

1 

0 

1 

1 

764026 

13 

0 

0 

1 

1 

0 

0 

764030 

14 

0 

0 

1 

1 

0 

1 

764032 

15 

0 

0 

1 

1 

1 

0 

764034 

16 

0 

0 

1 

1 

1 

1 

764036 

17 

0 

1 

0 

0 

0 

0 

765000 

18 

0 

1 

0 

0 

0 

1 

765002 

19 

0 

1 

0 

0 

1 

0 

765004 

20 

0 

1 

0 

0 

1 

1 

765006 

21 

0 

1 

0 

1 

0 

0 

765010 

22 

0 

1 

0 

1 

0 

1 

765012 

23 

0 

1 

0 

1 

1 

0 

765014 

24 

0 

1 

0 

1 

1 

1 

765016 

25 

0 

1 

1 

0 

0 

0 

765020 

26 

0 

1 

1 

0 

0 

1 

765022 

27 

0 

1 

1 

0 

1 

0 

765024 

28 

0 

1 

1 

0 

1 

1 

765026 

29 

0 

1 

1 

1 

0 

0 

765030 

30 

0 

1 

1 

1 

0 

1 

765032 

31 

0 

1 

1 

1 

1 

0 

765034 

32 

0 

1 

1 

1 

1 

1 

765036 

33 

1 

0 

0 

0 

0 

0 

766000 

34 

1 

0 

0 

0 

0 

1 

766002 

35 

1 

0 

0 

0 

1 

0 

766004 

36 

1 

0 

0 

0 

1 

1 

766006 

37 

1 

0 

0 

1 

0 

0 

766010 

38 

1 

0 

0 

1 

0 

1 

766012 

39 

1 

0 

0 

1 

1 

0 

766014 

40 

1 

0 

0 

1 

1 

1 

766016 

41 

1 

0 

1 

0 

0 

0 

766020 

42 

1 

0 

1 

0 

0 

1 

766022 

43 

1 

0 

1 

0 

1 

0 

766024 

44 

1 

0 

1 

0 

1 

.1 

766026 

45 

2 

0 

1 

1 

0 

0 

766030 

46 

2 

0 

1 

1 

0 

1 

766032 

47 

1 

0 

1 

1 

1 

0 

766034 

48 

1 

0 

1 

1 

1 

1 

766036 

49 

1 

1 

0 

0 

0 

0 

767000 

50 

1 

1 

0 

0 

0 

1 

767002 

51 

1 

1 

0 

0 

1 

0 

767004 

52 

1 

1 

0 

0 

1 

1 

767006 

53 

1 

1 

0 

1 

0 

0 

767010 

54 

1 

1 

0 

1 

0 

1 

767012 

55 

1 

1 

0 

1 

1 

0 

767014 

56 

1 

1 

0 

1 

1 

1 

767016 

57 

1 

1 

1 

0 

0 

0 

767020 

58 

1 

1 

1 

0 

0 

1 

767022 

59 

1 

1 

1 

0 

1 

0 

767024 

60 

1 

1 

1 

0 

1 

1 

767026 

61 

1 

1 

1 

1 

0 

0 

767030 

62 

1 

1 

1 

1 

0 

1 

767032 

63 

1 

1 

1 

1 

1 

0 

767034 

64 

1 

1 

1 

1 

1 

1 

767036 
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NOTE: l=OPEN 

0=CLOSED 


2.7 I/O CONFIGURATIONS 


A. Space Selection 

The NS11E has a normal reserved I/O space of 4K but can be 
selectable to either 8K or 2K. The I/O space normally resides 
between 124K and 128K for Unibus operation. I/O space will 
reside at the top of the 2M words for 22-Bit address operation. 
See Table 2-6. 


Table 2-6 


I/O SPACE SWITCH-2 



9 

8 


8K 

off 

off 

4K 

off 

on 

2K 

on 

on 


OFF=OPEN 

O.N=CLOSED 


B. ECC Disable 

ECC can be disabled by closing switch Sl-10. 

C. Memory Size Selection 

The NS11E can be configured in 4K increments to 64K. Memory 
size must be set according to actual board capacity. See 
Table 2-7 . 
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Table 2-7 


Switch 1 Memory 

Sl-4 Sl-3 Sl-2 Sl-1 Size 

off off off off 4K 

off off off on 8K 

off off on off 12K 

off off on oil 16K 

off on off off 20K 

off on off on 24K 

off on on off 28K 
off on on on 32K ON=CLOSED 

on off off off 36K 0FF=OPEN 

on off off on 4 OK 

on off on off 44 k 

on off on on 4 8K 

on on off off 52 k 

on on off on 56K 

on on oii off 60K 

on on on on 64K 


2.8 INSTALLATION 

Perform the following steps in the order listed to install 
the NS11E Memory board: 

1. Verify that the PDPll system is performing properly by 
running the appropriate memory diagnostics before any 
changes to the CPU configuration are made. 
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2. Verify that jumper connections and switch settings are 
correct according to the memory starting address, memory 
size, CSR address, ECC operation, error log address, I/O 
space, and battery back-up. As per sections 2.4 thru 2.7. 

3. Turn off CPU power. 

4. Carefully slide the memory into the selected slot . Be 
sure that the component side faces the correct direction, 
that the board is aligned in the card guides. Insert 
and remove slowly so contact is not made with adjacent 
boards. When the memory has engaged the connectors, 
press firmly on the card and seat it by exerting equal 
pressure on the two ejectors. 

5. Replace any cables, covers, panels, etc., which were 
moved during installation. Turn on CPU power. 

6. Perform post-installation checks listed in paragraph 
2.9. 

2.9 POST INSTALLATION CHECKS 

Post installation checks consist primarily of checking 
operation of the memory unit as an integral part of the data 
processing system in which it is installed. Since the func¬ 
tional checks depend upon the data processing system configura¬ 
tion and user application, the test routines to be used are 
left to the discretion of the user. Owing to the all-elect¬ 
ronic nature of the memory unit, there are no mechanical 
checks or inspections to be performed once the unit is installed 
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NOTE: Any unused modified bus backplane slot must have a bus 
grant card in location D, or CPU will show bus error. 


Again verify that the system is performing properly by 
running the appropriate memory diagnostics. 


2.10 MAINTENANCE 

The maintainability of the NS11E Memory is enhanced by the use 
of fixed timing sequences. Since all timing is controlled 
by the user, and one card type is used, complete interchange- 
ability is realized. A spare card can be used in place of a 
failing unit without the need for any timing adjustments. 

The memory devices are all mounted in sockets, and the peripheral 
devices are in common use so that repairs can be effected 
on-site. 

Paragraph 2.10.1 contains a listing of steps to follow prior 
to troubleshooting at the component level. 

2.10.1 Preliminary Checks 

If the memory fails, the following preliminary procedure should 
be followed before component-level troubleshooting: 

1. Check the memory installation? it must be installed facing 
the correct direction. (Memory components are facing the 
same direction as the CPU board components.) 
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2. Remove memory and visually inspect; wipe edge-connector 
with clean cloth. 

3. Recheck the jumper connections and switch settings. 

(Refer to paragraphs 2.4, thru 2.7. 

4. Reinstall the Memory carefully seating module in the 
chassis connectors. 

5. Using the peripheral equipment, interrogate various address 
areas of the memory. (This will assure the module is fully 
operational.) 

6. When possible, switch with another module known to be 
operating properly. (Use the results to determine whether 
the problem is in the module or in the processor interface.) 

2.10.2 Pretested Memory Replacement 

One pretested memory device is plugged into an on-board socket 
for spare requirements. This spare memory device can be used 
to replace any failing memory devices in the field. The spare 
memory is at location ul31. 

Figure 2-1 may be used for locating defective memory devices. 

2.H ERROR LOG UTILIZATION 

The NS11E error log can be polled from either the CPU front 
panel, a remote terminal, or by software: 

• Utilization of the error log software package, as supplied 
by NSC, is discussed in TN79-002. 
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• The error log automatically clears itself during a power-up 
sequence. However; due to some CPU operations during system 
initialization, the error log may have to be manually cleared 
to ensure log data integrity. Most operating systems, and 
some boot routines (to determine the size of available 
memory), will begin system initialization by READING blocks 
of memory. Since the NS11E storage medium is comprised of 
volatile RAM, which contains random data after power is 
applied, there is a high probability that any Memory Read 
will produce an error, which will be logged. 

• After the power-up sequence, boot, and memory-sizing has 
been completed, the error log(s) may be reinitialized by 
depositing 000002 g in the appropriate error log register. 
Table 2-5 gives a list of the possible Error Log address 
assignments. 

• It should also be noted that the same problem exists when 
running a DEC memory diagnostic which contains a parity 
memory test. This diagnostics will check the functionality 
of the parity CSR register by writing wrong parity into 
memory and checking that the CSR registers the error on the 
subsequent READ. Because the diagnostic clears the "write 
wrong parity" bit (02) on the CSR prior to reading, the error 
log will also record the errors as double-bit errors. To 
utilize the error log capabilities while running DEC memory 
diagnostics, the following steps must be taken; 
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Power up system and load diagnostics. 

Set CPU front panel switch registers (or software switch 
registers) to indicate that non-parity memory is present. 
Start diagnostic run. Stop CPU after memory size has 
been printed. 

Clear the appropriate error log registers (one each for 
each NS11E by depositing 000002 in each error log 

O 

register. 

Press CONTINUE on the CPU console. The diagnostic will 
now continue running with all error log registers reset. 
After several passes through the diagnostics, the 
contents of the error log registers should be examined. 
Paragraph 2.11.1, below, describes the error log register. 

2.11.1 Error Log Operation and Testing 

Each memory has an on-board error log for recording single and 
multiple Bit errors that occur in memory. The log functional 
operations; other than logging errors, are software controlled 
via bus protocol. Upon power-up, the error log executes a 
Clear/Write and bus DC LO is held LOW until this operation 
is complete. See to Figures 2- land 2- 2 for log operation and 
Data interpretation. 

Error log register Data Bit assignment is as follows: 

a) Bits 0-4 (read) are syndrome Bits for Byte 0 

b) Bits 8-12 (read) are syndrome Bits for Byte 1 

c) Bits 6 & 7 are most significant Address (row indicator) 


a) 

b) 

c) 

d) 

e) 

NOTE: 
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d) 

Bit 

15 

"ERROR IN LOG" 

indication 


e) 

Bit 

14 

is "END OF LOG 

PASS" for scan or clear 

f) 

Bit 

0, 

when written. 

is a log scan command 

(Logic 1) 

g) 

Bit 

If 

when written. 

is a log clear command 

(Logic 1) 

h) 

Bit 

13 

is always read 

as a logical 0 


i) 

Bit 

5 

"ERROR FOUND" indication 


NOTES: 

1) 

Bits 2-15 are 

Read only Bits 



2) Bits 0, and 1 are the only Bits that can be written 
from the bus and are transparent to the bus (i.e. 
bus Data written in log Bits 0 and 1 cannot be read). 

2.11.2 Error Log Operation Description 

The following is an operational description of the error log: 

(see Figure 2- 2) . 

1) Bit 14 is always set unless the log is in the process of 

scanning or clearing (i.e. Bit 0 or 1 has been set). 

2) Processor reads log register to see if Bit 15 is set - 

ignores all other Data Bits; if Bit 15 is set there are one 

or more errors in the log. 

3) Set log register Bit 0 to start log scanning for errors, 

Bit 14 will clear, log counter resets to 0 and log begins 
error search. 

4) Log register may be read during scan but Data may be delayed 
by log cycle in progress by up to 500 ns. 

5) If Bit 14 is not set, scan is not complete. If Bit 5 is 
not set, error has not been found. 
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6 ) 


Log scan in progress will stop if the log register is Read 
via the Unibus, but will continue when Read log register 
bus protocol is complete. 

7) If error is found. Bit 5 will be set, log scan will stop 
and error Data is available in log register. 

8) To continue scan, Bit 0 must again be asserted. 

9) When log scan is complete. Bits 14 and 15 will be set. 

10) If a Clear/Write of log is to be executed. Bit 1 is set. 

When CLR log is complete. Bits 5, 13 and 15 will be cleared; 
the remaining bits will be set. 

11) Error logging is disabled during log scan or clear and 
when the parity CSR Bit 2 is set (for Write/Wrong parity 
diagnostic. NOTE: If diagnostic does not leave CSR Bit 
2 set for both Read and Write, error log will fill with 
errors and must be cleared). 

12) If the syndrome Bit Data combination is even, a multiple 
Bit error has occurred and only the most significant 
address information is valid (Log Bits 6 and 7). 

13) If the error log stops on an error and a clear is required 
and bit 14 is not set. Bit 1 must be set twice to clear the 
complete log. 

14) Error log access is disabled when switch 2-7 is closed. 

2.11.3 Error Log Interrogation 

This paragraph provides an example of an error log interrogation 

via the CPU front panel. The assumptions are that there is only 

one NSllE installed and the E.L. register address is 764000g. 
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Step 

Number Comments 

1 Examine the contents of 764000. 

2 Is Bit 15 set? If not, then there is no 
error information in the register and the 
interrogation is complete. If Bit 15 is 
set, then at least one error has occurred. 

3 Deposit OOOOOlg (set bit 0) @ 764000. 

This will start the error log scan. The 
scan will continue until the first error 
is found. 

4 Examine 764000. Is Bit 5 set? If not, 
re-examine the location until Bit 5 is 
set. NOTE: Because Front Panel manual 
operations are so slow, Bit 5 should 
always be set since the log scan caused 
by step 3 can only take a maximum of 2 ms. 
If Bit 5 is set, the rest of the data 

can be interpreted per Figure 2-1, An 
example of data interpretation is: 

Bit No. 15 14 13 12 11 12 9 8 7 6 5 4 3 2 1 0 
Data 1 0 0 11 01101110101 

Bits 0-4 are the syndrome bits for byte 0. 
An odd number of bits has been set, so the 
error is a single bit error. Using bits 
0-4 in conjunction with Bits 6 and 7 and 
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Step 

Number 


5 


Comments 

and Figure 2-1, shows the faulty RAM to be 
U28. See assembly for RAM location. 
Examination of bits 8-12 shows an even 
number of syndrome bits sets, therefore; 
a double-bit or uncorrectable error has 
occurred in ROW 01. 

NOTE: If the syndrome bits in a byte are 

all 0's, then no error occurred in 
that particular byte. 

Is Bit 14 set? If not, the log has not 
reached the end of it ' s scan. Repeat 
steps 3 and 4, noting if Bit 14 does set, 
the scan is complete. 

To clear the log, deposit 000002 g (set 
bit 1) @ 764000. Since the log will only 
clear from its present scan address to 
the last scan address, it is suggested 
that bit 1 be set twice in succession to 
ensure that the log is completely clear. 
The log register should now contain 
057737. 
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Figure 2-1 

LOG REGISTER BIT TO MEMORY CHIP LOCATOR 

(Reference Figure 1-1) 

Spare RAM is at Loaction U131 
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014 
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BIT BIT 

7 6 BYTE 1 
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SECTION III 


THEORY OF OPERATION 


3-1 GENERAL 

This section comprises a functional description of the memory 
card assembly. Description is divided into general discussion 
and detailed circuit description, each referring to appropriate 
block simplified logic, logic, schematic, and timing diagrams. 
The schematic diagram is located in section IV. 

3-2 INTERFACE 

3.2.1 Unibus; Standard, Modified and Special Bus 
The DEC PDP-11 Unibus has three configurations. The 
standard configuration differs slightly from the Modified 
and Special configuration in pin designation. The Unibus 
signals are delineated in Table 3-1. 
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TABLE 

3-1 Bus Signals 

Viewed : 

From The 

Connector End 

PIN 






NUMBER 

STANDARD 

MODIFIED 

SPECIAL 

AAl 

INIT L 

INIT 

L 

INIT 

L 

AB1 

INTR L* 

INTR 

L* 

INTR 

L* 

AC1 

DOO L 

DOO 

L 

DOO 

L 

ADI 

DO 2 L 

DO 2 

L 

DO 2 

L 

AEl 

DO 4 L 

D04 

L 

DO 4 

L 

AFl 

DO 6 L 

DO 6 

L 

DO 6 

L 

AHl 

DO 8 L 

DO 8 

L 

D08 

L 

AJ1 

DIO L 

DIO 

L 

DIO 

L 

AKl 

D12 L 

D12 

L 

D12 

L 

AL1 

D14 L 

D14 

L 

D14 

L 

AMI 

PA L* 

PA 

L* 

PA 

L* 

ANl 

GND* 

PAR., 

PI* 

A21 

L 

API 

GND* 

PAR 

PO 

A20 

L 

AR1 

GND* 

+ 15 

BATT* 

+ 15 

BATT* 

AS1 

GND* 

-15 

BATT* 

-15 

BATT* 

ATI 

GND* 

GND 


GND 


AU1 

NPG H* 

+2 0V 

(CORE) * 

+ 20V 

(CORE)* 

AVI 

BG7 SO* 

+20V 

(CORE) * 

+2 0V 

(CORE)* 

AA2 

+5V 

+5V 


+5V 


AB2 

GND* 

TP* 


TP* 


AC 2 

GND 

GND 


GND 


AD2 

D01 L 

D01 

L 

D01 

L 

AE2 

DO 3 L 

D03 

L 

D03 

L 

AF2 

D05 L 

D05 

L 

D05 

L 

AH2 

D07 L 

D07 

L 

D07 

L 

AJ2 

D09 L 

D09 

L 

D09 

L 

AK2 

Dll L 

Dll 

L 

Dll 

L 

AL2 

D13 L 

D13 

L 

D13 

L 

AM2 

D15 L 

D15 

L 

D15 

L 

AN 2 

PB L 

PB 

L 

PB 

L 

AP2 

BBSY L* 

BBSY 

L* 

BBSY 

L* 

AR2 

SACK L* 

SACK 

L* 

SACK 

L* 

AS 2 

NPR L* 

NPR 

L* 

NPR 

L* 

AT 2 

BR7 L* 

BR7 

L* 

BR7 

L* 

AU2 

BR6 L* 

BR6 

L* 

BR6 

L* 

AV2 

GND 

+20V 

(CORE) * 

+ 20V 

(CORE)* 

*Pins 

assigned in Unibus connector but 

not used by memory 
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TABLE 3-1 Bus Signals Viewed From The Connector End (Cont'd) 


PIN 

NUMBER 

BAl 

BBl 

BC1 

BDl 

BEl 

STANDARD 

BG6 H* 

BG5 H* 

BR5 L* 

GND* 

GND* 

MODIFIED 

RESV* 

RESV* 

BR5 L* 

+5 BATT 

SSYN INT L* 

SPFCIAL 

RESV* 

RESV* 

BR5 L* 

+5 Batt 

A19 L 

BF1 

ACLO 

L* 

ACLO 

L* 

ACLO 

L* 

BHl 

A01 

L 

A01 

L 

A01 

L 

BJ1 

AO 3 

L 

AO 3 

L 

AO 3 

L 

BKl 

AO 5 

L 

AO 5 

L 

AO 5 

L 

BLl 

A07 

L 

AO 7 

L 

AO 7 

L 

BM1 

AO 9 

L 

AO 9 

L 

AO 9 

L 

BNl 

All 

L 

All 

L 

All 

L 

BP1 

A13 

L 

A13 

L 

A13 

L 

BRl 

A15 

L 

A15 

L 

A15 

L 

BSl 

A17 

L 

A17 

L 

A17 

L 

BTl 

GND 


GND 


GND 


BUI 

SSYN 

L 

SSYN 

L 

SSYN 

L 

BV1 

MSYN 

L 

MSYN 

L 

MSYN 

L 

BA2 

+5V 

* 

+5V 

* 

+ 5V 

* 

BB2 

GND 

* 

TP 

* 

TP . 

* 

BC2 

GND 

* 

GND 

* 

GND 

* 

BD2 

BR4 

L* 

BR4 

L* 

BR4 

L* 

BE2 

BG4 

L* 

PAR 

DET L* 

A18 

L 

BF2 

DC LO L 

DC LO L 

DC LO L 

BH2 

AO 0 

L 

A00 

L 

A00 

L 

BJ2 

AO 2 

L 

AO 2 

L 

AO 2 

L 

BK2 

AO 4 

L 

A04 

L 

A04 

L 

BL2 

AO 6 

L 

AO 6 

L 

AO 6 

L 

BM2 

AO 8 

L 

AO 8 

L 

A08 

L 

BN2 

A10 

L 

A10 

L 

A10 

L 

BP2 

A12 

L 

A12 

L 

A12 

L 

BR2 

A14 

L 

A14 

L 

A14 

L 

BS2 

A16 

L 

A16 

L 

A16 

L 

BT2 

Cl 

L 

Cl 

L 

Cl 

L 

3U2 

CO 

L 

CO 

L 

CO 

L 

BV2 

GND 

* 

-5V 

(CORE) * 

-5V 

(CORE) * 

*Pins 

assigned in Unibus 

connector but 

not used by memory 
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3.2.2 SIGNALS 

There are three types of signals; input, output and bi¬ 
directional. These signals are received, processed and 
passed back to the CPU in two logic levels. A high, or 
logic level one, and a low, or logic level zero. 
Specifications for these logic levels are as follows: 

TYPE OF LEVEL LEVEL 

SIGNAL _ONE_ ZERO _ 

Bus Logic Levels +0.8V or Less +2.OV or More 

Input Signal 

Logic Levels 1.3V Maximum 1.7V Minimum 

30 microamps 80 microamps 

typical at maximum at 

0.8V 2.5V 


0.8V maximum 2.4V mimimum 
at 70milliamps25 microamps 
maximum at 
3.5V 

Memory System Interface Timing is given in figure 3-1. 
All timing is measured at the card edge connectors and 
is referenced to the +1.5V level of signal transition. 

3.2.3 Types of Signals 

There are three types of signals. Input siqnals, output 
signals and Bi-directional signals 

Input Signals 

These signals are address and command'signals. 

AQO through A21 are. address lines which determine 
memory location. AO determines which byte is 
written when Byte Write (DATOB) is executed 
(BHl - BSl, BH2 - BS2). When addresses A18 - 
A21 are used the following pin assignments 
are used (Special Bus Operation). A18 - BE2 

' A19 - BEl 

A20 - API 
A21 - ANl 


Output Signal 
Logic Levels 
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BUS ADDRESS 
AND BUSCOL-CIL 

BUS MSYNL 
BUS SSYNL 

BUS DATA 


100 200 300 400 500 600 700 800 900 



BUS A00L-A17L 
AND BUSCOL-CIL 

BUS MSYNL 
BUS SSYNL 

BUS DATA 



DATO 

NOTE 1 DATA and SSYNL may be delayed up to 500ns 

due to simultaneous Refresh and Memory Request. 


FIGURE 3-1 





CO and Cl are the signals which determine cycle 
and if the memory will be processing data in 
Byte Write mode or in Full Write mode. Cl 
selects Read or Write Cycle. CO selects Byte 
Write or Full Write. 

Master Sync, MSYN, is the Bus control signal 
which initiates memory cycle when memory is 
available (BVI). 

Initialize, INIT, is used as a clear signal 
before MSYN occurs. It clears the Control 
Status Registers (CSR's) for bits 0, 2, 14, 
and 15 (AA1). 

DC LO, when asserted, causes the memory to 
perform Refresh only. It also causes data to 
be retained should the battery back-up voltage 
be activated (BF2). 

Output Signals 

SSYN is the Slave Sync signal. It tells the 
host system that memory is on line and data is 
ready for the Read Cycle. During the Write 
cycle it indicates that address/data has been 
accepted by memory for processing (BUl). 

PB is the signal which indicates that a parity 
error has been detected. 

Bi-directional Signals 

DO through D15 data lines are bi-directional. 
These 16 lines are used to communicate data 
information with the Unibus I/O (ACl through 
AKl and AD2 through AM2). 



3.3 ADDRESS (FIGURE 3-2) 

The NS11E Memory accepts a full 22 bit address with the least 
significant bit being used to control Byte Write. The address 
lines to the memory are single rail and the addressing mode is 
random. Address signals are identified as AO through A21 (See 
Figure 3-2. 

AO is used in the Byte Write mode as the byte selection control 
bit. Al through A21 can be decoded across a range of add¬ 
resses from zero through 2,097,152 locations in memory. The 
extention of memory addressing through 2 Mega Words is achieved 
by the setting of Switch Sl-9, that enables the buffer for bits 
A18 through A21 and allows them to be included in the address 
certification process. 

Four Buffer chips receive the address from the bus. The add¬ 
ress is stable on the Bus for 75 nSec prior to receipt of 
MSYNC, the Master Sync pulse. During this time it is processed 
through the address selection circuitry (see Figure 3-2). The 
address buffers receive and pass all inputs from the bus to the 
Address Latch which is transparent until the Selection process 
is completed. 

AO through A17 are passed through the Address Latch chips. Al 
through A14 go directly to the RAS/CAS Address Multiplexer 
where they select the Row and Column RAM address. This is 
discussed in greater detail later in this section. 

A13 through A21, (seen on the schematic as BA13 through BA21,) 
are presented at the Starting Address Select circuitry and 
compared with the initial address entered in the nine switch 
positions located on Switch S3. These nine switch positions 
represent the minimum bus address to which the card can respond. 
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When the Starting Address Selection process is complete one of 
two conditions have been recognized: 

o The address is either less than the minimum number 
set in Switch 3, 1 through 9. 

o Or it is equal to, or greater than, the minimum 
switch settings. 

If the address is less than the switch settings it is rejected 
and no further action is taken. If, however, the address is 
found to be equal to or greater than the minimum switch setting 
the Starting Address Select function outputs a Normalized add¬ 
ress. This address is the difference between the bus address 
and the address set in Switch 3, 1 through 9. When the number 
arrived at is less than the maximum switch selectable upper 
limit for this card (from 8 to 64K) the taddr Sel signal is 
generated. The +Addr Sel signal, when enabled by MSYNC, 
latches the address in the Address Latch beginning the memory 
cycle. 

When the two criteria cited above are met, address bits NA15 
and NA16 are presented to the Row Decode circuitry which sel¬ 
ects a row of RAM on the'card. 

Signals BAl through BA14 briefly mentioned above, select row 
and column position in each memory chip affected. They are 
multiplexed by the Address Multiplexer chip which transmits 
row address then column address during a normal cycle. During 
the Refresh Cycle the chip also provides refresh address. 
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The I/O Block is an area in Memory that is usually 4K words 
in size. It is normally located in the top 4K of Memory, 
i.e., from 124K words to 128K words, using a Unibus interface. 

It is located at the top of 2M words when interfacing with 
the Special Bus (from 1.996M to 2M). In the I/O address space, 
the Memory does not respond to Bus MSYN L unless the on-board 
CSR or Error Log have been addressed. The I/O Block has a 
Size Select Switch which permits selection of 2K, 4K, or 8K 
words of I/O space. This switch is set as a part of the in¬ 
stallation procedure. (Section II) 

CSR Address Selection is accomplished in the I/O region. The 
CSR, seen by the CPU as an I/O peripheral, has assigned 
addresses which can be accessed (one of sixteen) by a Bus 
Master via the Unibus or Special Bus. This address will 
contain diagnostic and error information (error address to 
the nearest IK) if an error has occured. CSR operation can 
be disabled via S3-10. 

The CSR starting address receives an enable from the I/O 
region (high) and BAl-12 . S3-10 enables the starting 

address circuitry. The output of the CSR starting address is 
fed to the Read/Write CSR Control which receives the CSR 
(1 of 16) select input. These inputs combined with +MSYN, 

4-READ or +WRITE produce -WRT CSR or -ENB CSR. 

CSR starting address also provides A05, A07, and AO8 to the 
log Starting Address. The log also receives a high from the 
I/O Region, BA6, BAll, and BA12. S2-7 is set high enabling 

log access. There are four 16K increments of error log 
addresses. The Log Starting Address circuitry output, combined 
with the Log Select Signal are input to the R/W Log Control 
which produces -WRT LOG ° r +RD LOG, Log access can be disabled 
by closing S2-7. 


3-9 



SPECIAL BUS > £ i < UNIBUS 



RAS CAS 
ADDRESS 
MUX 

AND I6K 
ADDRESS 
DRIVER 
FOR ARRAY 


RAS 

DRIVER' 


CAS 

DRIVER' 


MAOA 
THRU 
MA6A 
TO ARRAY 


A/W 

LOG 

CONTROL 


I OF 64 
LOG 
AD.DR 
SELECT 


_ WRT 
LOG 

-► RD 
+ LOG 














3.4 TIMING AND CONTROL (FIGURE 3-3) 

The Timing and Control circuitry determines if a Bus Cycle is 
to be executed or not. It tests the condition of the memory to 
find out if it is busy performing a read or write cycle, or if 
a refresh cycle is taking place. A Bus Cycle can be delayed as 
much as 500 nSec if it arrives after a refresh cycle has 
begun. A unique arbitration technique for testing the condi¬ 
tion of the memory is employed each time a bus cycle is ini¬ 
tiated . 

There are eight fixed timing sequences generated by the Johnson 
Counter that are used to control the memory system timing. The 
Timing Generator Flip-flop controls the Johnson counter. 

The Cycle Flip-flop is set when the following conditions 
are true; there is no activity in the I/O Block, -Busy is 
not asserted, power Up Sequence is not asserted, tAddress Sel¬ 
ect is present, the MSYN Lock Out Flip-flop is set and MSYN is 
present. 

With the above conditions true, a +Cycle Start pulse is present¬ 
ed to the Cycle Flip-flop and the Arbitration circuit simultan¬ 
eously. If a Refresh Cycle is not in progress, or if the re¬ 
quest for a Refresh Cycle arrives at the same time as the 
+Cycle Start (the request for a Normal Cycle) the memory will 
run a normal cycle. This causes the system to place any 
Refresh request in a hold status pending completion of the 
Normal Cycle. tCycle start initiates normal cycle timing and 
inhibits the Refresh Reset, insuring that any existing request 
for Refresh will not be lost. 

The Refresh One Shot is set by the output of the Refresh 
Reset Flip-flop, which also resets the Refresh Request Flip- 
flop. A refresh cycle is run one every 15 uSec when a normal 
cycle is not in progress. When Refresh Request is accepted by 
the Arbitration circuitry the Refresh Cycle Flip-flop is set 
and a Refresh Cycle begins. 
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Refresh Cycle does not interfere with CSR or error log accesses. 

3.5 REFRESH (FIGURE 3-4) 

Refresh of the dynamic RAM's takes place every 15 uSec and 
lasts 450 nSec cycle. RAM is refreshed to prevent loss of 
existing DATA. Refresh is accomplished by the selection of a 
particular Refresh RAS Address, and inhibiting Row Decode so 
that all rows of RAM are selected. A counter in the Refresh 
Address Counter and Multiplexer increments once each time a 
Refresh Cycle is completed. This counter sets up the RAS 
address selection process for the next Refresh Cycle, thereby 
stepping the refresh activity completely through the memory 
every 2 milleconds. When the following conditions exist. 

Refresh Cycle can start: 

o Refresh Request is present, 
o -Busy is not asserted, 
o +Cycle Flip-flop is reset, 
o +Cycle Start is not asserted. 

When +Cycle Start is not asserted at the arbitration circuitry 
and Refresh Request is present, the Refresh Flip-flop is set. 
When in the set condition, the Refresh Flip-flop enables the 
Refresh address onto the Memory Address lines and selects re¬ 
fresh RAST timing. At the conclusion of the Refresh cycle the 
Refresh Flip-flop updates the Refresh Address Counter, fires 
the one shot and resets the Refresh Request Flip-flop. 

3.6 MEMORY ARRAY (FIGURE3-5) 

The Memory Array is comprised of 104 16K Dynamic Rams in a 
4x26 matrix. Each Byte contains 64kxl3 bits of memory, 
eight data bits and 5 check bits. Addresses MAOA thru MA6A 
are common to all Rams. RAS and CAS signals (1 of 4) are common 
to each row. Basic Array organization is shown in Figure 3-5. 
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3.7 ECC (FIGURE 3-6) 

The NS11E has Error Correction and Check (ECC) circuitry which 
allows single bit error correction and double bit error 
detection for each byte. Figure 3-6 shows the ECC data 
path block diagram. Each byte contains it's own ECC check 
bit generation and compare circuitry. 

3.7.1. ECC Write Data Path 

During a write (DATO or DATOB) cycle the data to memory 

passes from the bus, through the 8641 tranceivers 

and is latched internally by S373 octal latches. The 

Data-in latch outputs are tied to the '"internal data 

bus", which is labled as D0-D15 on the schematic. The 

data from the latches is fed to the check bit generation 

circuit and also the memory array. The check bit 

generation circuit is comprised of several exclusive 

OR/NOR gates (Sl35's) and will generate a unique 

check bit pattern, based on the Hamming Code, for any 

combination of input data. To provide single bit 

correction and double bit detection, N+2 check bits 

N 

must be provided for every 2 data bits. Since there 
are 8 data bits per byte, an additional 5 check bits 
per byte are required, thus providing a total of 13 
data bits per byte. Table 3-2 illustrates how each 
check bit is generated. As an example, check bit 0 
will also be a zero. The check bit generator output 
(C0-C9), along with the data on the internal bus, is 
written into the appropriate byte(s) in the memory array. 
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3.1.2 ECC Read Data Path 

During a Read (DATI or DATIP) cycle, the sixteen data 
bits DFM 0—15 are buffered by two S241 octal buffers and 
put on the internal data bus. The data appears at both 
the correction merge circuitry (comprised of S135 XNOR's) 
and the check bit generator. Another set of check bits 
is generated and compared with the check bit data that 
had been stored (DFM C0-C9) at the syndrome bit genera¬ 
tion circuit. Any difference between a newly generated 
check bit and the check bit that had been stored in 
memory will generate an error bit called a syndrome 
bit. The presence of any syndrome bit (S0-S9) during a 
read cycle constitutes an error and an error clock will 
be enabled. S0-S4 are associated with byte 0 and S5-S9 
are for byte 1. An odd number of syndrome bits for any 
byte indicates a correctable or single bit error, while 
an even number (excluding zero) will indicate an un- 
correctable or multiple bit error in that byte. If a 
single bit error has occured in either (or both) bytes, 
the correction bit generator will decode the syndrome 
bit pattern and, through the correction merge circuitry, 
complement the bit in error. In the case of an un- 
correctable error in either byte, the correction bit 
generator is disabled and the partiy error flag, BUS PBL, 
will be enabled onto the bus. 

After passing through the correction merge circuitry, 
the corrected data (if a single bit error occured) is 
latched by the Data Out latches (S373's). The 3 state 
outputs from the DFM buffers are disabled and the outputs 
from the DO latches are enabled. The data then passes 
through the 8641 transceivers and on to the Bus. 
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3.7.3 Diagnostics 

When parity diagnostics are run, bit 2 in the CSR is 
set to write wrong parity in the memory. Since the NSllE 
is not a parity memory, the CSR bit 2 output is used to 
complement check bits C0-C3 and C5-C8, which are being 
written into memory. During the subsequent Read of that 
data, syndrome bits S0-S3 and S5-S8 will be generated 
(an even number for each byte). The error circuitry will 
detect an uncorrectable error in each byte and the parity 
error flag will be enabled. 

The dip socket at location U131, which houses the spare 
RAM, is also used as the input connection for factory 
ECC test diagnostics. 

ECC can be disabled by turning switch 1-10 ON (CLOSED). 

For syndrome Bit to defective RAM location see section II. 
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TABLE 3-2 

CHECK BIT GENERATION CHART 
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3.8 ERROR LOG (FIGURE 3-7) 

The Error Logs main purpose is to store the error location. 

If a failure has occured. It is a sub-system of the main 
system in that it has it's own timing generator and control 
circuits. It is software addressable via the operators 
console or maintenance panel. The error log has three modes 
of operation: 

1) Error Logging 

2) Log Scan for Errors 

3) Log Clear 

3.8.1 Error Logging 

Memory System is in normal operation and error log is 
operational. On a read cycle if there has been an 
error detected in the ECC circuitry, the +ERR CLK signal 
is generated and sent to the error log. This signal 
serves as an intiate for the log. Syndrome data (SJ2f-9) 
and row address data (RAO RAl) are latched and used as 
address for the 4Kxl memory in the log. A "ONE" is 
written in Log Memory at this location. 

3.8.2 Log Scan 

When it is desired to find the bad Memory a Log Scan 
will be performed. The Log will be written via the Bus 
and Bit 0 will be set. The Log will scan until it 
finds a "ONE” In Memory. Scan then stops and that 
address of Log Memory provides the error location in 
main memory. To continue Log Scan Bit 0 must again be 
asserted. This process will be repeated until complete 
log has been searched. 

3.8.3 Log Clear 

After all data has been read from the error log and a 
clear is required, Bit 1 is set and the log will be 
cleared to all O's at all locations. 
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3.9 CSR (FIGURE 3-8) 

The Control and Status Register (CSR) in the NS11E allows 
program control of certain diagnostic information (error 
address to the nearest IK) when an error occurs. The CSR is 
assigned an address and can be accessed by a bus master via the 
Unibus or the Special Bus. Each NS11E in a given backplane, 
must be assigned a different address. Some CSR Bits are 
cleared by the assertion of BUS INIT L as a part of the pro¬ 
cessor power-up sequence. The CSR Bit assignment and opera¬ 
tional description is as follows: 

The memory corrects single bit errors and detects 
multiple bit errors. The detection of an uncorrectable 
multiple bit error is used to generate the parity 
error flag BUS PB L and to latch the faulty address 
into CSR. The memory is compatible with all modified 
Unibus parity or non-parity memories. 


NOT NOT NOT 



Bits 1,3,4,12,13 

These bits are not used and are always read as 
logical 0's. Writing these bits has no effect 
on the CSR. 
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+ PAR FRCE 






DO-(Bit 0) is the Error Indication Enable Bit. When DO 
is logical 1 it allows the memory to assert BUS PB L. This 
Bit is a Read/Write Bit and is cleared by BUS INIT L. DO 
sets the PE Enable Flip-flop that enables (CSR 0) the Bus 
PB L Driver. 


D2-(Bit 2) is the Write/Wrong Parity control. This Bit, when 
set, causes the NS11E to complement the ECC check Bits when 
Data is written during a Write cycle (DATO or DATOB). A 
multiple Bit error will then be detected when this Data is 
read during a Read (DATI or DATIP) cycle. The detection of 
the multiple Bit error causes the parity error flag to be 
asserted as if bad parity had been written. This Bit is 
set for diagnostic purposes and is cleared for normal 
operation. Bit 2 is a Read/Write Bit and is cleared by 
BUS INIT L. 

D5-11 (Bits 5-11) are the Error Address Bits. Once a multiple 
Bit error has been detected, these bits contain a partial 
address of the faulty Data that caused the multiple Bit error. 
In Unibus operation address Bits A11-A17 are in CSR Bits 5-11 
respectively, specifying the faulty Data location to a IK 
segment of memory. In special Bus operation, the address 
placed in Bit 5-11 is determined by Bit 14. Bits 5-11 are 
Read/Write Bits and are not cleared by BUS INIT L. 

D14-(Bit 14) is the Special Bus Error Retrieval Bit. This 
Bit, when set, causes the memory to place A18-A21 of the 
faulty Data location into CSR Bits 5-8; logical 0's are 
placed in Bits 9-11. Address Bits A11-A17 are placed in 
Bits 5-11 when Bit 14 is cleared. In Special Bus operation, 
Bit 14 is a Read/Write Bit and is cleared by BUS INIT L. 

In Unibus operation. Bit 14 is a Read only Bit and is always 
a logic 0 (clear). 


3-24 



NOTE; In normal Special Bus operation, Bit 14 is a logic 0, 

If a multiple Bit error has occurred r the partial 
address (A11-A21) of the faulty data is retrieved with 
the following sequence: 

a) Read CSR to obtain A11-A17. Bit 14 should be 
read as a logical 0. 

b) Write a logical 1 in Bit 14 of the CSR. 

c) Read CSR to obtain A18-A21. Bit 14 should be 
read as a logical 1. 

Bit 15 is the Parity Error Bit. When set it indicates that a 
parity error has occurred. Bit 15 is a Read/Write Bit and is 
cleared by BUS INIT L. A red LED is provided for CSR Bit 
15 to indicate a parity error. 

NOTE: The on-board CSR can be disabled by closing the (ON) 
Switch, 3-10. 

3.10 DC TO DC CONVERTOR (FIGURE 3-9) 

The NSllE employs a DC to DC convertor switching regulator 
that operates as flyback convertor in a step-up mode. The 
basic circuit is shown below: 
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When the switch, Si, closes the applied voltage drops to 
almost zero (V =V ), and the voltage Vin-Vs is applied accross 
the inductor, causing the inductor current to increase linearly. 
Because the applied voltage is less than the output voltage, 
the diode is reverse-biased and current cannot flow to the 
output. When the switch opens, the inductor current cannot 
change instantly and the applied voltage changes to the total 
of the output voltage plus the diode voltage. At this time 
current can flow through the diode to the load capacitance 
and the inductor current decreases at a linear rate, determined 
by Vout + V D -Vin. Timing adjustments control the average 
diode current (I D ^) so it is equal to the load current. The 
diode current can only flow during off-time, so the maximum 
output current is (Ipk/2) ^ 0 ff/ T on +T 0 ff^• if the load current 
is less than the maximum output current, off-time is increased 
by a dead time with no current to the output. Input current 
can flow during both on and off times, so the average input 
current is always greater than the maximum output current. 

In the above figure the designations correspond to schematic 
reference designations as follows: L=L1, S-^=02 thru 05, 

Dl=CR5, CR6, Co^all capacitance on +12V line. 

Main control for the convertor is handled by a pulse width 
modulator that controls on time, off time, dead time, voltage 
regulation and soft-start sequence. 
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